Abstract: Tin-doped Indium Oxide (ITO) has been successfully prepared via solvothermal method with a mixture of Indium(III) acetylacetonate and Tin(IV) bis(acetylacetonate)dichloride in oleyamine solvent under the condition of the different reaction time from 12 h to 48 h for the first time. The morphology, phase composition and particle size of the ITO powder were characterized by TEM and XRD. Two significant properties required for ITO samples to become noncarbon support for Pt in PEMFCs including specific surface area and electrical conductivity were studied.
Introduction
 Nowadays, solvothermal synthesis has been widely applied to prepare conventional and advanced nanomaterial especially metal oxides. This method is defined that the synthesis of inorganic materials in organic media at elevated temperatures under autogenous pressure of the organics using a close vessel called an autoclave [1] . Most metal oxide synthesized via solvothermal route perform well-defined morphologies and quite narrow particle size distribution [2, 3] . In addition, this technique facilitates the formation of metal oxides nanoparticles at low temperature and the product obtains the high crystalline without post-calcination [4] [5] [6] .
Recently, much attention has been paid to Polymer Electrolyte Membrane Fuel Cells (PEMFCs) mainly due to their potential applications in the portable electronics and automobile industries [7] . The issues concerning durability of PEMFCs are one of the important problems that hinder fuel cell commercialization. Carbon has been known as a common catalyst support material for Platinium (Pt) at cathode side of PEMFC. However, during the operation of PEMFCs, there is a decrease in Electrochemical Surface Area (ECSA) of the catalyst result of Pt dissolution, sintering, as well as agglomeration. This was caused by the severe corrosion of carbon support in the cathode following the reaction: C + 2H 2 O  CO 2 + 4H + + 4e -(0.207 V vs NHE, 25 °C) [8] [9] [10] . Accordingly, carbon support needs to be substituted to improve the lifetime of electrocatalyst in PEMFCs operation. Recent intensive research efforts have led to more abundant noncarbon supports for PEMFCs including metal oxides [11] [12] [13] [14] [15] . Tin Doped Indium Oxide (ITO) is one of the potential metal oxide supports for Pt at cathode side of PEMFC [16] . ITO thin film came into widespread commercial use in the areas of liquid crystal displays, optoelectronic devices, heat reflecting mirrors, and sensors on account of its remarkable characteristics such as high electrical conductivity and high transparency under visible light [17] [18] [19] [20] [21] [22] [23] . However, the ITO powder was used as support catalyst for Pt in PEMFCs that is quite novel subject.
In the present study, the authors present a solvothermal route to prepare ITO nanoparticles involving the reaction of indium acetylacetonate and
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tin bis(acetylacetonate)dichloride in oleyamine. The specific surface and the conductivity of ITO nanoparticles are also examined to show the competence required for Pt support in PEMFCs.
Material and Methods
Materials
All precursors and solvents are commercially available and used without further purification. Indium(III) acetylacetonate (In(acac)3, 99.99%), oleyamine (70%) were purchased from Acros-Belgium.
Tin(IV) bis(acetylacetonate)dichloride (98%) were purchased from Sigma-Aldrich. Ethanol (99.7%) was obtained from Xilong-China.
Preparation
The starting materials, 0.2699 g of In(acac) 3 and 0.026 g of (Sn(acac) 2 Cl 2 ) were mixed with 4 mL of oleyamine under constantly magnetic stirring at 500 rpm for 1 hour. The reaction mixture was transferred into the Teflon lined steel autoclave placed in a lab furnace. Solvothermal reaction was carried out at 220 o C with the reaction time varying from 12 hours to 48 hours. After cooling down to room temperature, the resultant precipitate was centrifuged, washed with ethanol for several times and dried at 80 °C for 12 h in air. All the final ITO powders were blue.
Characterization
The phases of the nanoparticles were characterized by X-ray Diffractometry (XRD). The particle size and morphology of the particles were examined using Transmission Electron Microscopy (TEM). Surface areas were determined by BET measurement. The conductivity of materials was measured by the four-point probe technique.
Results and Discussion
The X-ray diffraction patterns of the as-prepared ITO with different reaction time are shown in Fig. 1 . (Fig. 2) . This observation can be explained when tin are doped into In 2 O 3 structure, the oxygen vacancies are presented and contribute to high values of free-electron concentrations. These free electrons have an effect on the UV vis transmission spectra and consequently ITO nanoparticles change to the dark blue color [24] [25] [26] . (Fig. 3a-3c) . The nanospheres over processing times of 12 h, 18 h and 24 h have a narrow distribution of particle size with an average size of about 50 nm, in accordance with the XRD results. When the aging time is prolonged to 48 h, ITO4 nanoparticles are completely aggregate which causes the complex morphology formed in Fig. 3d .
The effect of the reaction time on the surface area (BET) is studied in this work. As can be seen in Fig. 4 , with the increase of the processing time, the specific surface area of ITO nanoparticles increases, while the crystal size of powder change insignificantly following the observation from the above TEM imagines. This data could be understood due to the covering of organic ligand on the surface of ITO nanoparticles contributed to the decline in surface area 
Conclusion
In summary, high crystalinity and high doping level of ITO materials have been successfully prepared by solvothermal reaction of Indium(III) acetylacetonate and Tin(IV) bis(acetylacetonate)dichloride in oleyamine. The authors are currently exploring the ITO4 sample synthesis for 48 h, which is suitable for noncarbon support for Pt in PEMFCs because of its high electrical conductivity. To fully determine the competence of ITO to substitute the carbon support for Pt, this ITO sample will be further investigate by preparing Pt depositing on the ITO support and comparing with traditional Pt/C catalyst.
